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FIGURE 1 
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55.0189 

A METHOD AND APPARATUS FOR COMPUTING A WELL FOR 
PRODUCING HYDROCARBONS OR THE LIKE 

The invtatiQfi relates to die field of petroleum service tod supply industries, and more 
particularly to completing 

While drilling ts taking place, the integrity of a well is controlled by a drilling mud of density 
that needs to be adjusted so that the hydraulic pressure of the mud column opposes the leaks 
from the formations while simultaneously avoiding damaging the underground formations by 
fracturing them. When the drilled depth exceeds a certain value, the pressure difference due to 
the difference m depth is such that it is no longer possible to formulate a mud capable of 
performing its function over the entire length of the well, so to prevent coQapse of the wall, it 
is necessary to line the hole with metal casing. For this purpose, a certain number of casing 
tubes are placed end to end and lowered down the well, and are fixed to the wall of the weO by 
cementing. Thereafter, drilling can continue down to the next critical depth. 

Each ncwry-drilled length must be fined with casing of outside diameter that is sraal enough to 
pass through the casing that is already in place at shaBower depths. As a result the casing has a 
staircase structure with a hole that is large at the top of the wefl and much narrower at the 
bottom of the well. Such a configuration is tar from optimal: a Urge hole at the surface means 
that drilling time must be wasted in a non-productive zone, whereas a narrow hole in the 
useful zones docs not firvor production by good draining of the formation. 

Worse stu% h often happens that the hole passes through unexpected critical zooes even before 
boring has readied a critical depth. Such critical zones may, for example, be veins of very 
friable rock or "pockets* of gas which, even though they are usually very localized, constitute 
major sources of danger both for the well and for the work force on the surface. Under such 
circumstance*, the only solution is often to cement these zones by putting casing into place 
immediately, thereby further reducing the size of the bole, which can lead to a well being 
abandoned if further difficult zones are encountered as drilling continues. 
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It will also be understood that tt is very difficult to repair damaged casing by installing new 
casing, without further significantly reducing the size of the hole and thus running the risk of 
preventing penetration of certain tools or items of equipment that may be needed in the 
production zones, for example. 

Over the last few years, the industry hxs developed new techniques of completing wells or of 
ooomledag them temporarily, to as to minimize the number of 'steps' and to increase the 
downhok diameter of the wdL 

Proposals have thui been made to use a composite material cornprhang an expandable doth 

made of glass fibers impregnated with non-potyrnerized epoxy resin and hiving ■ n*ber 

membrane covering its outside lace which is directed towards the wau tf ^ 

appropriate laying tool, the membrane is applied against the wall of the hole or a damaged 

portion of casing, and the rain is caused to polymerize by being heated. The nuin difficulty of 

that technique is that it requires electrical power of the order of 1000 watts per linear meter, 

thiulunhmgitsappucauonto^ 

of lynthetic material cannot oocuthute a final replacement for metal casing aince that needs to 
be capable. m particular, of snftstanding treatnieott based on strong acids or o*ef m 
that are particularly corrosive. 

US Patent $ 348 095 proposes making casing out of a continuous tube of ductile material 
capable of withstanding large ■mounts of plastic deformation. The tube is enlarged by a 
conical tool, and it can optionally be cemented. However, expansion of the tube is 
acconipanied by a reduction m the total le^ 
problems ax the erklaFurtr*raoi^ 

US Patent 5 i66 012 proposes a perforated finer provided whh overlapping longitudinal dots. 
A mandrel having » large diameter that is greater than the inside diameter of the perforated 
Ener is used to expand toe wail of the finer and the orifices become larger. Fiber-Enforced 
cement can then be cast oa either aide of the liner, and once the cement has set, the inside of 
the foiff is bored agahv thereby leav^ 

reinforcement The need for further boring after cementing comtmitea a major drawback of 
that technique. In addition, in the above-mentioned case, the pressures required for expanding 
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the tube are quite high and the final length of the finer b reduced. Finally, the slots must be 
pierced in compliance with very precise specification*, which leads to a manufacturing cost 
that it high. 

An object of the present invention is a novel type of expandable casing that does not present 
the abcve-meatioQed drawbacks of the an. 

According to the nvcotiott, this object is achieved by a finer for ootnptoing a hole in an 
underground formation, the liner being constituted by a spval-wound strip of spiral cross- 
section, its longitudinal edges having complementary touching profiles such that after 
expansion the liner is circular in section. 

To complete a weD, the spiral tube is lowered to the bottom of the hole and its walls are 
spread by means of a placement tool, ag. a conical tool, so as to place the toog^dlnal edge in 
a touching position where they form a cyHnder, A closed continuous finer is thus obtained 
which can be cemented in conventional manner without the cement invading the inside of the 
liner, and thus without there being any need to bore inside the casing. It should be observed 
that the sjnral-wcnindcasi^ 

horizontal or rraiW-laterai, given its small diameter m its contracted state which lends itself 
wefl to being installed in narrow wells or m wells of trajectory that impedes the towering of 
traditional casing segments. 

The Oner of the invention b also well adapted to provisionally completing problem zones. In 
any event toe hole may optionally be enlarged in the difficult zone and a spiral finer whose 
diameter after expansion is dose to the diameter of the hole before enlargement may then be 
put into place and cemented. Thereafter, drfflmg can continue and the entire column, including 
the zone that has already been completed, b subsequently completed in conventional manner. 

The spiral casing of the invention can also be used for repairing casing that has been damaged, 
since the outside disrncter 

very slightly less the inside diameter of the casing that b already b pUce. 

The spsrai-wound strip preferably has chamfered longitudinal edges that define contact 
surfaces whose general direction lies in a plane which forms a non-zero angle relative to the 
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longittMfiM] axis of the finer Also preferably, the longitudinal ed^ new a cseneBated sectfon 
to provide mechanical engagement at a predetermined diameter. 

In • more particularly preferred want of Ac invention, the liner is obtained by rolling up » 
rtriparxnrtanaxiithatuatacxrtamar^rel^ 

tuch drcumiunce*, when the liner u m the contracted nee, it has edges which form t double 

hdbi around dm <*finder. If tto 

figure is obtained whose length is eot altered by Salomon. 

The finer of the invention can be wound lotgthww on a dnm\ usmg tne tefl^^ 
coiled tubing. In order to complete sections that are of great length, it » possible to weld 
together a plurality of *beeu, either during nnuiufecturc of the finer, which it preferable when 
using the coiled tubing techniflue, or ebe directly on she. 

The finer of the invention can be made of metal. e.g. steel or any other material having the 
desired degrees of elashaty ami pks^^ 

is selected, and providing it has not been cemented, that die finer of the invention can 
optieotly be removed, thus making teinptn^ placemeott possible. 

Other details and advantageous eharaeierisiica of the invention appear from the (blowing 
description given with reference to the figure*, in which: 

• Figure I is a {fiagrammstic view of s first embodiment of s finer of the ktvertion before and 
after expansion, shown in perspective (Figures la and lb) and in end view (Figures la' and 

lb*); 

•Figure 2 shows an expansion tool; 

• Figures shows an example of nKcbanieal engagemert «smg toothed edges (Rgures 3a to 
3d) and shows various profiles for such toothed edges; 

•Figure4Uap«npectiveviewofalinermtte 
with toothed sections; 
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• Figure 5 shows a liner of the invention having longitudinal edges constituting a double hefix, 
teen in perspective in the contacted state (Figure Si), after expansion (Figure 5b), and in 
longitudinal section (Figure 5c); 

• Figure 6 shows an example of temporary completion using a liner of the invention; 

• Figure 7 shows a typical sequence for completx* of a production zone; and 

•Figure* shows a variam of aBner of the mve^ 
screen. 

The concept of the invention is shown in Figure 1. A strip, eg. a metal strip, is spiral-wound 
(Figures la and la*) with overlap over an angle A. After expansion, the liner is circular in 
section and its longitudinal edges come into contact to constitute a closed peripheral surface. 

If the winding follows an Archimedes 1 spiral, then writing £ for the thickness of the strip and 
Dc for the pseudo-oSameter of the spiral-wound strip in the contracted state, the value De of 
the diameter after expansion is given by the foUowing equation: 



where A, the overlap angfe, is expressed in radians, and where the lengths De, Dc, and e. are 
expressed in the same units 

Whh an overlap of 90* as shown in Figure la, a hner having an outside diameter De of 17,8 
an (7") and a thickness e. of 9 J mm (3/8 of an inch) b contracted to a diameter Dc of 14.9 cm 
(5.86"). For an overlap of 180 s , the expansion is dose to 50%. 

By way of example, the tool for expanding the liner of the invention can be constituted by a 
double cone assembly as shown QHignuTimatictlry in Figure 2, having a first end 10 suitable for 
being fixed to the end of a coiled tube or of a string of rods, and a second end 11 of diameter 
snular to that of the spiral-wound liner in the contracted state, thereby eoabfing the spiral- 
wound finer to be pushed to the tone which is to be completed. The expansion tool also 
includes an enlarged zone 12 of outside diameter dose to the inside diameter of the liner after 
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i, has been expanded Tltterus^*^^ 

part by remote control means «uch as hydraulic pressure, mechanical means. Of a combination 
of wch means as b eonwrtioml for placement tools as used in wells. 

In the variant of the invention shows in Figure 3, the comptenentaiy lon g kudin tl edges ere 
given teeth to aato fbroi emeduBncel lock. A* can be teen more particularly in Figures 3e to 
3d, e toothed edge, in this case an edge having three teeth, can provide efftethre< 



It may also be observed that the longjtadmtl edges have a contact area racing in a general 
direction D at a non-aero angle relative to the normal to the k>ngitudiiialaxU©fthefiiier. An 
angle of about 45», and more generally lying m the raiige 3^ to 60* bgestetatty preferred. 

Other wist* toothed profiles srerf^ 

or oa the contrary, decreased, snd it is possible to select profiles that are nearer to being 
square to as to achieve engagement that is closer to being of the tenon and mortise type. In all 
of the examples shown in Figure 3, the toothed edges follow a general direction D tt a 
certak angle relatrveU) the iKXtiial totted 

preferably such as to mmuroxe radial friction forces that tend to oppose sliding of the two 
complemerTtary portions. As shown in Figure 3 e, the elastic forces Fa and Fb that resuh from 
expanding the spiral-wound finer create radial friction force* Fc and Fd which tend to move 
the edges apart This separation force can be minimized or even eliminated by optimizing the 
shape of the teeth. 

The forces Fa aixIFb which assist mtock^ 

ingle A of the finer m the contracted position. Nevertheless, too much overlap also toads to 

hKxeatetheredialibrce*»ui*ab«l^ 

expansion and mechanical locking. 

The finer is expaaded mto the sr*pe of a ccme of dm«sfo 

geometry of the spiral-wound Ener and oo hs elasticity, and to a smaller extent on the apex 
angle rfthe eoiW expaMictt torn. To In* 

an expansion tool constituted by a cone whose apex angle is dose ro t)»i of the "natural' 
expansion cone of the spiral-wound finer. 
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Ai shown more particularly in Figure 4 f the axis of the engagement teeth forms an angle B 
with the axis of the spiral- wound tube. This angle B has an optimum value tying between the 
"natural* expanse 

Figure 5 show* the most partioulariy preferred variant of the invention in which the Bner is 
obtained by raffing up a strip about an axis that is at a certain angle relative to the axis of 
symmetry of the atrip. In the contracted position (Figure 5a), the edges form a double hefix 
around the finer. After expansion (Figure 5bX the two hefixes coincide and the junction fine 
winds helically around the Bner. 

A particularly advantageous aspect of this geometry Bes in it being possible for expansion to 
be performed without changing the X length of the finer. If, as shown in Figure Sc. the 
"ffiaraotcrr" of the liner are written Dc and De (where index s corresponds to the finer being in 
the contracted state and index € to the finer in the expanded state), and if the periods of the 
hefical curves followed by the longitudinal edges art wntten He and He (where the period of a 
helix is defined as being the distance measured along the loiigrtiufina] axis of the liner between 
two correspondmg points that are one complete turn apart around the cylinder of diameter Dc 
(or De if the case may be)), and if the length of a kx^girudtnal edge of the Bner is written L for 
a finer whose total length is X, h can be shown that the length L is equal to: 



X does not vary. 

With this double helix ccntigurttion, it ihcukJ also be observed that if the strip constituting the 
Bner is of thickness W, then the diameter after expansion is given by the equation : 




and that consequently, if the tape is rotted up b such a 



that = then the length 
tt 0 n t 
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FmiUy, inotte conittpicnceof to 

m a pUnc perpendicular to the axis of the finer during the expansion stage, if the cods of the 
double hetix finer are cut perpenaiaxarry to the longitudinal ixis, then after expansion these 
ends wffl define perfect aides In plane that are themselves perpendicular to the longitudinal 
wis of the liner. Tins disposition is particularly fcvorable for ensuring sealing of the 
completion it the cods of the liner. 

Figura 6 md 7 are highly diagrammatic and ihow two exwnpJes of completion using a spinl- 
wound finer of the invention, it being understood that these examples are not fimhing m any 
way. 

In the example shown in Figure 6, the spiral-wound tube b used for cornpWng a zone in 
temporary manner. In a well m deep water, the ptobkm in^ 

between the fracturing gradient and the pressure of the rwmatioa There may ahensarivery be 
problems associated, for example, with the presence of formations that are highly unstable 
(diyey rock, sands, salts, etc.) in depletion zones, or other problems that are well known to 
the person skxDed ui the art The nw^ 
Proportion to their len^ 

on an extra occasion* thereby reducing the diameter of the hole. 

The wefl ha* been drilled and casbg has been instalW m to I . Drifing has then 

contiiaied beneath the c«^ slioc 2 to pierce a b 

b not cased, prior to reaching a zone 4 of lengm U which iieeds to be t^ 

(Figure 6a). The decision is taken to proceed with temporary c«nptetion using a finer of the 

invention. A spiral-wound liner 5 is pushed towards the bottom of the well by means of a 

double cwttcalexpanskm 

move cm (Figure ft) to as to spr^ 

diameter (Figure 6c). Once the iner b in place (Figure 6d) the expansion tool is returned to 
the surfice and the Kncr is cemented ush>g cernem^ 

shown here, the finer b ijrovided with evenings 8 to aBow cement to pass from the inside of 
the finer towards the ar^s 9 wh^ 
shoe could be used. 
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After expansion, the inside diameter of the Oner is practically identical to the diameter of the 
hole in zones where there are no drilling problems (where necessary, the hole can be enlarged 
m the zone that requires treatment by means of a reamer). Drilling can then be started again 
without any need to drill through a cemented zone, and the entire well can be completed in 
accordance with the original drilling plan, and without any reduction in the diameter of the 
well 

Tf is that itifirifiMl tpoui tUCP »» ■ m«f»Ti*»r CQuJd *™ rrmrkinmtm with the 

of the invention. Abo, the finer b preferably fitted with codpieces made of a material that is 
easuy deformed and that b easy to drill (eg. akxninum), thereby guaranteeing that die spiral- 
wound liner b properiy expanded over its entire length. 

A typical sequence of using a spiral-wound liner of the invention for completing a section of a 
reservoir b shown in Figure 7. Such an operation may be envisaged, fix example; with 
formations that are unstable or sandy. 

The spiral-wound finer of the invention b brought in the contracted state to a non-cased 
section of the reservoir (Figure 7a) and it b then expanded by means of an expansion tool 
(Figures 7b and 7c). like any other production finer, the finer of the invention is, in this case, 
pierced to allow production fluids to pass therethrough, and as shown in Figures, it b 
preferably covered in a grid which may be fixed thereto, e.g. by being welded to the strip prior 
to spiral winding. The grid b preferably on the outside face of the liner, racing towards the 
waL 

It should be observed that the surface area of the roDed-up strip remains unaltered during 
expansion so wets are not weakened by the spiral-wound liner of the nventioai being put into 
place and expanded For the same reason, the size and distribution of the openings provided 
fir allowing the production fluids to pass can be selected in a manner that b entirely 
independent of the diameters in the contracted state and in the expanded state. Thb makes h 
possible, in particular, to obtain a liner that b very strong in association with greater stability 
and longer Gfe of the well. 
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For a borizoaul wefl, ■ ipiral-wound liner of the invention is particularly advantageous tince U 
can be placed very dose to the formation, even in the upper portion of the finer, and that is 
often not the case with a conventional Hner that U incapable of being contracted. 



So long as it has not been cemented, a spiral-wound liner can be withdrawn by means of a 
.pedal tool which separates the kwghwlinal edge* so as to allow me liner to reU up egam and 
retain to a Mate similar to that of ita initial contracted aW* If such wifcdrawd u eapected 
only after aevertl month, or yean, care should be lato to w ■ twterid that i. capabk of 
retaining its elastic properties over such a long period of time. 

The geometry of the spiral-wound lintr of the invention is entirely compatible with mass 
production at low coat For example, it is possible to use metal mips (where necessary (trips 
that are welded together) that are picaeed ma predefined 

rollers or by a hycrauBc press having a punch. The longitudinal edges are preferably rectified 
coflthnioisly so « to give thtro a toothrf 

•long one of the longitudinal edge* before winding into a spiral FmaHy. the strip may be 

apiral-wotind dwctly and then coiled, 

lengths. 



In general, it is preferable to pay out a finer of foe mventionfii»» red thai is cheaper 

once the section to be completed is long, and more reliable since connections are omitted. 
Nevertheless, H is equaBy possible to use liners of fixed length and to perform completion in a 
rone by repeatedly placing and expanding lengths of liner. 
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CLAIMS 

V A finer fix completing a bote in an underground formation, the finer being constituted by t 
spiral-wound strip, its longitudinal edges hiving complementary touching profiles such that 
after expansion the liner is circular in section. 

2/ A finer according to claim 1, characterized in that the longitudinal edges define a contact 

surface of general (faction D lying in a plane that forms a non-zero angle relative to the 
longitudinal axis of the finer. 

V A finer according to claim 2, characterized in that said angle formed by the general direction 
D of the contact surface lies in the range 30* to 60° 

Ai A finer according to any preceding claim, characterized in that the touching kmgitudmal 
edges have a sawtooth profile. 

5/ A finer according to any preceding claim, characterized in that the liner is obtained by 
rolling up a strip about an axis that is at a certain angle relative to the axis of symmetry of the 
strip. 

6/ A liner according to any prece<fing claim, characterized b that h it provided with openings. 

II A liner according to claim 6, characterized in thai h ts covered in a grid. 

8/ A finer according to claim 7, characterized in that the grid is welded oa 

9/ A method of completing a hole in an underground formation in which a spiral-wound strip 
is lowered down the hole, and the strip is opened unta* a circular section b obtained by means 
of a conical placement tool for putting the lon g itu dinal edges into a touching position. 

10/ A method according to claim 4, characterized in that it also includes a cementing 
operation. 

11/ The use of the method according to claims 9 or 10, for temporary completion of zones 
that are depleted or unconsolidated. 
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12/ The use of the method acconfag to cbim 9 or 10, for repairing a casing 

13/ Tbe use of the method of claim 9 for completing a production zone. 

14/ A system for completing a hole in an underground fonnatioo, characterized m that it 
includes a liner according to any one of claims 1 to & and an expansion tool suitable for 
Splaying apart the tongttudinal edges until they take up a position where they touch each other 
edge-to-edge. 

15/ A tool for withdrawing a liner according to any o ne of daims 1 to 8, the tool comprising 
means fix moving the tongituduud edges apart by a <fiameter greater than the diameter 
comprising to a circular section and enabling the finer to shrink so as to return to a spiral- 
wound coitfiguration of a diameter that is jnul) enough to enable the liner to be extracted from 
the well. 
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